Abstract-This paper reports on the main piloting of the StartUp_EU (http://www.startup.odl.org/) Lifelong Learning European Project. StartUp_EU aimed at simulating the excitement and creative innovation of starting up new company. The project developed a series of serious mini-games, an encompassing Web2.0 platform based on ILIAS Learning Content Management System (LCMS) and a collaborative competition for secondary school students, between 14 and 18 years of age, to inspire high tech entrepreneurship. 243 students participated in a competition completing a series of 8 tasks simulating the process of arriving at an idea for a business to a real product and creating an elevator pitch. Pre-competition and post-competition questionnaires were collected. The remainder of the paper presents the results of the preand post-questionnaires regarding participants' perception of the learning experience regarding entrepreneurship using serious games and Web 2.0.
INTRODUCTION
Europe faces a number of challenges that can only be met if it has innovative, well-educated, and entrepreneurial citizens who, whatever their walk of life, have the spirit and inquisitiveness to think in new ways, and the courage to meet and adapt to the challenges facing them [1] . It is critical for Europe to maintain a knowledge-based economy and be at the forefront of technological, innovative entrepreneurship to maintain its competiveness. To meet these targets young people should study and seek careers in the scientific and technological fields and understand entrepreneurship. The earlier an entrepreneurial spirit is encouraged the better the results for society.
StartUp_EU is designed to motivate secondary school students by simulating the excitement and creative innovation of a start-up company. A series of serious games was created to aid the development of entrepreneurial skills on a Web2.0 platform. Secondary school students learnt about entrepreneurship through, online workbooks covering a range of skills from business and marketing plans to presentation skills. Students were then supported to develop their own business ideas collaboratively, and across Europe if possible. The process mirrored the idea creation, barriers and problems in developing new technology and building a company. The goal was to enable students to understand the problems and rewards of working in the exciting high tech area and inspire students to seek out careers in this vital European sector.
According to the Key Competence Framework, the entrepreneurship key competence refers to an individual's ability to turn ideas into action. It includes creativity, innovation and risk taking, as well as the ability to plan and manage projects to achieve objectives [2] . The Web2.0 platform provided a mechanism for students to turn their ideas into action and includes: communications, facilities for partner finding, videos, online materials, competition submission, and online presentation tools.
Digital computer games have now been around for over three decades and the term games-based learning (GBL) has been attributed to the use of computer games that are thought to have educational value, however there has been much debate surrounding this theory [3] . Hainey, et al. [4] showed that GBL has been applied in a number of different fields such as medicine, languages and software engineering. Further research [5] [6] [7] [8] [9] [10] has shown that serious games can be a very effective as an instructional tool and can assist learning by providing an alternative way of presenting instructions and content on a supplementary level, and can promote student motivation and interest in subject matter resulting in enhanced learning effectiveness.
Learning through games offers increased motivation and interest to learners through introducing fun into the learning process. Adding fun into the learning process makes learning not only more enjoyable and compelling, but more effective as well [11, p. 4] . One of the main characteristics of GBL is the fact that the instructional content is presented together with fun elements. A game that is motivating makes learners become personally involved with playing it in an emotional and cognitive way. By engaging in a dual level, learner attention and motivation is increased [12] . Systematic literature reviews [13, 14] have indicated that playing computer games confers a range of perceptual, cognitive, behavioral and affective, motivational impacts and outcomes where the most frequently occurring outcomes and impacts were affective and motivational followed by knowledge acquisition/content understanding.
Computer games have also had an effect of students learning styles. Beck and Wade [15] examined a large number of young professionals and found that their approach to learning was deliberately overlooking the structure and format of formal education. Young professionals extensively used trial and error, welcoming contribution and instruction from peers, and emphasizing 'just in time' learning to fulfill their needs and complete their tasks. All of these skills are considered essential in the modern world and GBL can assist towards developing and practicing them.
Furthermore, the next generation of jobs will be characterized by increased technology use, extensive problem solving, and complex communication [16] . These are skills that go beyond typical reading, writing, and arithmetic of years past. It is not only what students need to learn that is shifting, but also how and when they learn. Students of today are growing up with laptops, tablets, cell phones, and video calls, and they expect to use this technology in their daily interactions [17] . Additionally, the skills required for success in games such as thinking, planning, learning, and technical skills are also sought by employers [18] . Games are frequently cited as important mechanisms for teaching 21st century skills because they can accommodate a wide variety of learning styles within a complex decision-making context [19] , foster collaboration, problem-solving, and procedural thinking [20] which are important 21st century skills and important aspect of entrepreneurship.
II. METHOD

A. Participants
Sixty four (64) schools with 243 participants, between 14 and 18 years of age, were registered to the StartUp_EU platform to participate in the main piloting and filled in the pre-test questionnaire. The participants were recruited via their schools. 51.95% were female and 48.05% were male from 15 different European countries. 231 valid questionnaires remained after data cleansing regarding the pre-test questionnaire. However, in order to create more coherent results, only the data from students having completed both pre-test and post-test questionnaires are presented at this stage. The pre-test questionnaire was asking the respondent to assess its own (current) entrepreneurshiprelated attitudes, knowledge and skills, whereas the post-test questionnaire was asking him/her to declare whether its participation in the StartUp_EU competition contributed to the increase of the related characteristic. Not all students participated in the full scale pilot filled in the final evaluation questionnaire, or have not done that in a concrete way. Data clearance led to 79 valid questionnaires.
B. Material
Different styles of material were available to both students and teachers through the Web 2.0 platform. The materials included short serious games, videos, examples, "how to" guides, templates and teacher training documents. Videos of 2 to 3 minutes set the task within the narrative framework and described the task's goals and expected outcome. Mini-games were self-contained serious games for stimulating certain skills relevant the challenge at hand. How to guides were short practical guides that assist in solving the tasks. There were three how to guides, one explaining the StartUp_EU competition, the second explaining the challenges and the third explaining how to use the platform. The examples were taken from real IT companies (Apple, Dell, Microsoft, etc.). The teacher training materials were developed by the consortium to assist the teachers in their activities. The competition was presented in written documents describing the rules, roles, deadlines and assets. All the materials were made available through the StartUp_EU platform.
C. Apparatus
Two types of apparatus were used in this study a Web 2.0 Learning Content Management System (LCMS) and five independent mini-games. Group brokerage function -groups can form online or offline, rights and roles are defined to support different users on the platform, groups are able to use a "notice board" to post "job offers" to recruit team members with particular skill sets and mentors/tutors can change the status of an individual's group membership. Assessment in each serious mini-game was based on quests, either individually or collaboratively, and was presented as a final score. Mini-games could be played more than once to increase a player's score. For example, in the serious mini-game 'Understanding your clients' the player plays the role of a salesman who sells a number of products. By driving a car through part of a city, the player has to find potential clients and match them to a suitable product. On finding a client, the player is allowed to ask a number of questions to help select the most appropriate product ( Figure  1 ). 'Marketing your product' was another mini-game where the player was given a marketing budget and had to identify characteristics of his clients that would help him to allocate his budget accordingly, based on the gathered information ( Figure 2 ). In the serious mini-game "Building your company team", the players have to choose from a range of roles that suit their team and then hire the most appropriate person based on their range of skills and abilities as shown in figure 3 . By doing so they were learning about different roles and different range of skills needed for a succesfull collaboration and teem work. 
2) Serious Mini-Games
D. Procedure
The students were set a series of 8 challenges, a preparation stage and a final stage which replicated the process of arriving at an idea for a business. The process involved building a business plan for taking an idea or pitch to the reality of a real product. Each challenge was related to a real problem or information needed to build the business plan and was introduced by a thought-provoking video accompanied by a mini-game and supportive material which explained in detailed how each challenge should be completed. All the material was uploaded onto the StartUp_EU platform and was accessible online. The prepiloting assessed three of the mini-games and the StartUp_EU platform.
Students had to fill in a pre-competition questionnaire at the beginning and a post-competition questionnaire at the end of the competition. The pre-competition questionnaire assessed their own experiences, attitudes, knowledge and skills, and their expectations of the StartUp_EU tools, while the post-competition questionnaire focused on assessing the usability of the tools, students' motivation, pedagogy and the skills developed by the students. Additionally, both questionnaires assessed their perceptions towards the broad dimensions of entrepreneurship (EACEA, 2012). The questionnaires were completed online and the pre-piloting lasted eight weeks, from the middle of April 2013 until the middle of July 2013.
III. RESULTS
After the submission, students were requested to selfevaluate their participation in the StartUp_EU competition, filling in a questionnaire that included mostly Likert-type questions. Unfortunately, not all students participated in the full scale pilot filled in the final evaluation questionnaire, or have not done that in a concrete way. Data clearance led to 79 valid questionnaires.
A. StartUP_EU and learning entrepreneuship
Students were asked to assess the usefulness of StartUp_EU in learning entrepreneurship. Results indicated that the 75, 95% of the students believed that the service was useful for learning entrepreneurship, a finding that strengthens the significance of this type of educational resources on learning entrepreneurship. Overall, the 58.22% of the students believed that StartUp_EU was ideal for entrepreneurship education. This result is very encouraging and pinpoint to the continuation of such approaches. 
B. Evaluation of Entrepreneurship-related characteristics
The students were also asked to assess particular characteristics of the pedagogical model used that are related to entrepreneurship. These characteristics / dimensions were surfaced from the European agenda [1] on entrepreneurship education. These characteristics were also assessed in the pre-pilot phase [21] . The reader should keep in mind that the results presented below are not considered as learning outcomes, as this claim cannot be concluded with the small available data sample. Most findings indicate that after their StartUp_EU experience, students became more hesitant towards entrepreneurship. A surprising result considering that they believe that they improved in a number of entrepreneurship related skills. They seem to have become more knowledgeable on issues of economics and the world of work, as well as on business organization and processes. Additionally, they managed to become more competent on the exploration of entrepreneurial opportunities and on the design of business projects. These results confirm the similar findings of the initial piloting [21] . 
C. Evaluation of serious mini-games
Next, students were asked to assess the learning objects found in the StartUp_EU platform. In particular, students were asked to assess whether the videos introducing each challenge were highly motivational, whether the mini-games improved their learning on entrepreneurship, whether they were complicated, and whether they were useful in learning entrepreneurship. The results in Figure 6 indicated that participants believed that the mini-games improve their learning regarding entrepreneurship, with 53.16% either agreeing or strongly agreeing. Interestingly, the students indicated that although the accompanying mini-games improve learning and are useful on learning entrepreneurship. They also do not consider them as complicated.
D. StartUP_EU mini-games for entrepreneurship learning.
IV. DISCUSSION
The full scale piloting ran under the StartUp_EU project managed to engage many schools, allowing for the collection of a serious data for analysis. The key findings detailed in the previous section are summarized at this point. Interestingly, most of the findings identified during the initial piloting [21] are proven also to the full scale piloting, justifying the extensive effort and increased work quality of the partners since the initial development of the service.
Students stated clearly that the service was considered as useful and ideal for entrepreneurship learning, as the incorporated motivational learning objects, i.e. the videos and the mini-games. The StartUp_EU learning scenario was proven to be quite facilitating to the development of entrepreneurial skills. The online support functionality provided by the service together with the supportive materials appeared be well accepted. Interestingly, students stated clearly that they collaborated a lot during their project development and in an acceptable degree with their teachers.
Second, the StartUp_EU scenario allowed the students participated to the competition to become more hesitant on creating an innovative start-up company! Their lack of knowledge on the topic of interest was revealed, making StartUp_EU a really educative and action-learning related approach. Although their knowledge on business processes and on financial issues seemed to increased, together with their ability to explore entrepreneurial opportunities and design business projects, all other entrepreneurship-related attitudes and skills seemed to decrease. These findings do not produce any effects on the design of the StartUp_EU service (as a whole) but reveal particular learning objectives that should be taken into account when designing school curricula related to entrepreneurship.
Last, the qualitative comments obtained, but not reported here, led to the conclusion that on the whole they liked this demanding experience, with most of them stating that they would like anything to change.
